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@ A receiver for a mobile telephone system, the 
receiver having a gain control means (6) coupled to 
receive an input burst signal and being switchable in 
response to the value of a gain control signal be- 
tween a plurality of gain values, detector means (2) 
for detecting the amplitude of said input burst signal, 
averaging means (4) for storing the value of the 
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detected amplitude and timing means (28) operative 
in response to the detection of said input signal for 
timing a sequence of measurements of the am- 
plitude of the input burst signal, said averaging 
means (4) being operative to compute an average 
value of the amplitude and to provide a correspond- 
ing gain control signal for a subsequent time period. 
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This invention relates to receivers for mobile 
telephone systems. 

With the impending adoption of the GSM 
(Groupe Speciale Mobile) system for a Pan-Eu- 
ropean mobile Telephone System (see for example 
Electronics and Communication Engineering Jour- 
nal Jan/Feb. 1989 vol. 1 no. 2 pp. 7 to 13, "Pan- 
European cellular radio", D.M. Balston), a number 
of difficult technical problems have to be overcome 
for satisfactory implementation of the system. 

In the GSM system, data to be transmitted is 
modulated on to a 900 MHz carrier by a Gaussian 
minimum shift keying technique (GMSK). Frequen- 
cy channels are provided at a spacing of 200 KHz, 
and data is transmitted on each channel at a total 
rate of 270.833 kbits" 1 . 

Referring to Figure 1, this shows the basic 
format of one frequency channel for GSM transmis- 
sions as comprising a series of frames (Time Do- 
main Multiple Access Frames), each frame com- 
prising eight multiplexed time slots from different 
mobile stations. Each frame is 4.615 ms in length 
and each time slot 0.577 ms in length. The struc- 
ture of a time slot as shown comprises two sec- 
tions of data separated by control bits, tail bits etc. 
Data is transmitted from each mobile station within 
a time slot in compressed format at a rate of 
approximately 13 kbits" 1 . 

Given the very tight technical constraints of the 
GSM system, interference and data loss and cor- 
ruption can easily occur. 

Problems arise in the receiver for the GSM 
terminal, whether it be a terminal in a mobile sta- 
tion or in a base station. Firstly, the strength of the 
signal received by the terminal will vary and the 
input dynamic range may be as targe as 100 dB. 
This is because, in the case of a mobile station, it 
must not only receive data signals from the adja- 
cent base station but must also monitor neigh- 
bouring base stations during time slots of the frame 
not reserved for data transmission for hand over 
purposes. Hence it is necessary to adjust the gain 
by very large amounts from time slot to time slot, 
i.e. within 0.577 ms. Conventional methods of auto- 
matic gain control can not cope with such extreme 
demands. Secondly, received signals at whatever 
level there are received must be amplified to a 
suitable level so that they can be accommodated 
within the input dynamic range of an analogue to 
digital converter (ADC) system which follows the IF 
stage. Since the dynamic range of an ADC is 
relatively small, it is necessary to adjust the gain of 
the system so that each incoming pulse of RF 
energy is at an appropriate level. 

It is proposed in accordance with the invention 
disclosed in co-pending U.K. Patent Application No. 
8915172 to provide a receiver for a mobile tele- 
phone system operating in a time division multiple 



access (TDMA) system, the receiver having a gain 
control means coupled to receive an input signal 
and being switchable under the control of digital 
control signals between a plurality of gain and/or 

5 attenuation levels, equaliser means coupled to re- 
ceive the output signal from the gain control means 
and means for determining the value of the input 
signal and for providing said digital control signals 
to fix the gain or attentuation level constant for a 

w time slot of the TDMA system, the period, the 
determining means including means for recording 
previous values of the input signal to fix the gain 
level prior to said time slot based upon an assess- 
ment of said previous values. 

15 The receiver disclosed and claimed in co- 
pending U.K. Patent Application No. 8915172 op- 
erates satisfactorily for traffic channels, and is in- 
tended for use in a GSM mobile terminal. However, 
whilst similar problems occur in a base station 

20 receiver, further problems arise in addition requir- 
ing a different approach to AGC control. 

Problems arise in particular in the base station 
when a mobile station wishes to gain access in 
order to initiate a call. In order to gain access, the 

25 GSM system provides a random access channel 
(uplink from the mobile to the base station) which 
is used by the mobile to request access. An ac- 
cess grant channel (downlink only) is also provided, 
which replies to a random access and assigns a 

30 dedicated control signal for subsequent signalling. 
The structure of a random access channel is shown 
in Figure 2, as comprising a start sequence of eight 
bits, followed by a fixed preamble for the equaliser 
section of the base station, a data I.D. section, and 

35 a long guard period. Such a guard period is neces- 
sary since the mobile may not be synchronised 
with the base station, and since the mobile may be 
as far as 35km from the base station, there may be 
substantial propagation delays (240 microsecond 

40 loop delay) so that the data may arrive at the base 
station at any time within the random access chan- 
nel slot. When an access request is detected by 
the base station, the base station can reply on the 
access grant channel to correct the timing of the 

45 mobile and assign a dedicated control signal. - 

Problems arise however since the power level 
of the access request at the base station receiver 
antenna is unknown and may have a wide variation 
between -104dB milliwatt and OdB milliwatt. The 

so power level must be brought very quickly within the 
range of an ADC, to a central region of a 30dB 
window for the ADC. In addition, more than one 
mobile may request access during a single random 
access channel, in which case it is necessary to 

55 resolve the contention between the requests. 

It is an object of the invention to overcome the 
above noted problem. 

The present invention provides a receiver for a 
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mobile telephone system, the receiver having a 
gain control means coupled to receive an input 
burst signal, and being switchable in response to 
the value of a gain control signal between a plural- 
ity of gain values, detector means for detecting the 
amplitude of said input burst signal, averaging 
means for storing the value of the detected am- 
plitude and timing means operative in response to 
the detection of said input signal for timing a se- 
quence of measurements of the amplitude of the 
input burst signal, said averaging means being 
operative to compute an average value of the am- 
plitude and to provide a corresponding gain control 
signal for a subsequent time period. 

Thus, in accordance with the invention, the 
gain level (whether it be a positive gain or a nega- 
tive gain, i.e. attenuation) can be adjusted to an 
appropriate level based upon an average value of a 
sequence of measurements, and therefore repre- 
sents a relatively accurate estimate for a subse- 
quent time period. 

As preferred, said detector means comprises a 
fast acting logarithmic amplifier for providing an 
output signal to an analog to digital converter 
(ADC). As preferred, the output of the detector 
means is sampled under the control of said timing 
means at frequent intervals during an input signal 
burst. In the case of an access burst in the GSM 
system, the input signal, which may be the input 
RF signal or an IF signal, is sampled at the begin- 
ning of the burst i.e. a channel slot lasting 156.25 
bits. Each bit occupies about 3.5 microseconds, 
and hence a measurement cycle is made on a 
single input bit in a period less than 3.5 micro- 
seconds. In the case of an access burst, eight 
consecutive measurements are made on the initial 
start sequence of 8 bits, and an average value is 
computed with said averaging means, in order to 
set the gain value for the remainder of the access 
burst. 

As preferred, the detector means includes a 
step detector means which is operative to detect a 
step in signal strength of a predetermined amount 
(n dB), representing the start of a burst signal, in 
order to actuate a counter and timing mechanism, 
in order to generate the timing sequence for the 
consecutive measurements of signal amplitude. 

The situation frequently occurs where more 
than one mobile may request access during a 
single random access time slot. In order to resolve 
contention, the present invention in a preferred 
feature provides that said step detector means, 
having initiated operation of a measurement se- 
quence and detecting a subsequent step increase 
in signal strength, say n dB above the previous 
signal strength, representing a further mobile re- 
questing access but being closer to the base sta- 
tion, that the step detector means is operative to 



reset the timing means, to reset the accumulator 
means and to restart the measurement sequence 
based upon the stronger signal. In this way conten- 
tion between the stations is resolved. Clearly, if a 

s third mobile requests access during the same time 
slot with an even stronger signal n dB above the 
current signal, then the timing means is reset yet 
again: the statistical probability of this happening 
however, is less. 

70 In the case of a traffic burst or slot, the system 
having been prepared for reception of data, the 
gain value is set from an estimate formed in one or 
more previous access bursts or traffic slots, mea- 
surements having been made by means of said 

75 averaging means and timing means throughout the 
previous traffic slot(s) in crder d form an average 
value to provide an estimate o( gain for the next 
traffic slot, i.e. the current sfcu. As preferred, pro- 
cessor means is provided to computing a gain 

20 estimate based upon ttn; p*t?v*cus ten traffic slots 
for that channel. 

One embodiment of the invention will now be 
described, by way c4 e^empte cnty. with reference 
to the accompanying drawtngs <ahe»ein:- 

25 Figure 1 is a schemauc vcew of the- TDMA 
format for the GSM system. 
Figure 2 is a schematic wen of the format for 
the uplink randon eccess cnan/>el in the GSM 
system; 

30 Figure 3 is a block d»ogra-n of the embodiment 
of the AGC system to* a GSM base station in 
accordance with the invent on and 
Figure 4 is a waveform dag-aim illustrating the 
way in which the AGC system ol Figure 3 re- 

35 solves contention betvn&on rtobiles compet- 
ing for access during a ra'vjom access channel 
slot. 

Referring now to Figure 3. fhete is shown part 
of a receiver system for tho bas? station of a GSM 

40 system as comprising an ar.!enia A. coupled to a 
receiver stage 1 which may comprise an input RF 
stage for preamplif ym 3 and processing the RF 
signal or may inrlude m Affciitw^ an IF stage for 
providing the intermediate tT*ouc*n?y IF signal for 

45 subsequent processing &n eifte* case the RF or IF 
signals are provided ctn lines 20. 22. the signal on 
line 20 being applied to a oVjttal gain control unit 6 
which is operative to povnic automatic gain control 
to the signal on line 20 to adjust the gain of the 

so signal to an appropriate level at which it is located 
near the optimum point of a 30 dB window for an 
analog to digital control 24 wmcn provides a digital 
version of the signal to an oquafising and decoding 
section 26. 

55 The signal on line 22 is applied to an analog 
level detector 2 which compr ses a fast acting 
logarithmic amplifier, the output of which is applied 
to a flash analog to digital converter 3 which pro- 
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vides an 8 bit digital output which is fed to an 
accumulator 4 and to a step detector unit 7. Step 
detector 7 is arranged to detect an increase in 
signal level strength occurring as a step (i.e. within 
one clock cyle of the system) and the step detector 
is arranged to be presettable to detect a step of 
any desired amount, for example 3 dB. The output 
of step detector 7 is coupled to initiate operation of 
a counting and timing mechanism 28. indicated in 
dotted lines. 

Counting and timing mechanism 28 provides 
control signals to accumulator 4 to enable it to 
store m words, i.e. output values from ADC 3, and 
to compute an average value of the stored m 
words which is provided on an output bus 30. The 
average value on bus 30 is provided to a converter 
5 which may for example comprise a look-up table 
in ROM, the output of converter 5 providing a gain 
control signal to digital gain control unit 6. Digital 
gain control unit 6 may take any convenient form, 
for example a cascaded array of switched attenua- 
tor networks and operational amplifiers. The output 
bus 30 is also coupled to a memory store 1 1 and a 
microprocessor 12. 

A clock unit 9, working primarily at the data bit 
rate for an access burst, is provided providing 
clock signals to step detector 7, accumulator 4 and 
to counting and timing unit 28. Counting and timing 
unit 28 includes a counter 8 and a timer 10 coup- 
led to receive clock signals from unit 9. Counter 8 
is arranged to count to a total m (as preferred 8), 
the same number as the number of words storable 
in accumulator 4. Counter 8 is arranged to provide 
a hold control signal to accumulator 4. Timer 10 is 
arranged to provide a reset control signal to coun- 
ter 8 and accumulator 4 following the lapsing of a 
time period equivalent to 1 time slot of the GSM 
system, i.e. 156.25 microseconds. 

In operation of the AGC system shown in Fig- 
ure 3. the operation during a random access chan- 
nel of the form shown in Figure 2 will first be 
described with reference to Figure 4. Since the 
timing of a mobile station wishing to gain access to 
the base station will not be synchronised with that 
of the base station, the access burst may arrive at 
the base station at any time during the random 
access slot. As and when an access burst arrives 
at the base station, the access burst is processed 
in receiver stage 1 and the RF or IF level is 
detected in logarithmic amplifier 2, the arrival of the 
access burst providing a step increase in signal 
level which is detected by step detector 7. The 
overall envelope of the access burst is shown in 
Figure 4 as E1 . Assuming that the step increase in 
signal level strength is sufficient, say 3dB, step 
detector 7 provides an output signal to permit 
counter 8 and timer 10 to initiate a counting and 
timing sequence. In this sequence, the output of 
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ADC 3 is stored as a first word in accumulator 4 
under the control of clock 9. This cycle of operation 
takes about 2.5 microseconds, and mechanism 28 
is accordingly prepared for the next bit of the initial 

5 8 bit start sequence of the random access burst, 
which occurs 3.5 microseconds after the initial bit. 
Accordingly, clock 9 is operative to permit a sec- 
ond word to be stored in accumulator 4 represent- 
ing the output of ADC 3 which is at this time 

70 sampling the value of the second bit of the training 
sequence. At the same time, counter 8 is incre- 
mented to step the words within the accumulator. 
The sequence is repeated for all 8 bits of the initial 
training sequence of the random access burst 

rs shown as the interval SS in Figure 4. When counter 
8 reaches its maximum value, namely 8, it provides 
a hold signal to accumulator 4 and accumulator 4 
provides an output on bus 30 representing the 
average value of the 8 word values stored in accu- 

20 mulator 4. This value is held on bus 30 for the 
remainder of the random access time slot as deter- 
mined by timer 10. Converter 5 acts to convert the 
averaged value on bus 30 to a digital gain control 
signal which is applied to gain control 6 in order to 

25 adjust the signal strength of the input signal on line 
20 to the mid-point of the input window for ADC 24. 
In an alternative construction, if the output on bus 
30 is appropriate, it can be applied directly to 
digital gain control unit 6 for direct control of the 

30 gain level. 

If during a random access channel after the 
initiation of operation of counting and timing 
mechanism 28 following reception of a first random 
access burst, a second random access burst in- 

35 dicated in Figure 4 as E2 is detected, then if the 
signal strength of second random access burst E2 
has a value which is n dB greater than E1, say 
3dB, then this step increase at time to is detected 
by a step detector 7 which is operative to provide 

40 an output signal to reset timer 10, counter 8 and 
accumulator 4. Accordingly, the counting and tim- 
ing mechanism 28 initiates a second counting and 
timing cycle from time to to an interval tO + p based 
upon the signal values of the second random ac- 

45 cess burst E2 in exactly the same manner as 
described above. At time tO + p, timer 10 times out 
in order to reset accumulator 4 and counter 8. 
Accumulator 4 is then operative to set gain control 
unit 6 to a maximum value. In this way, contention 

so between two mobiles requesting access to the 
base station is resolved, access being granted to 
the mobile with the greater signal strength. 

After access has been granted to a particular 
mobile and the gain levels set in order to permit 

55 correct operation of the equalising and decoding 
section 26, then the base station is set up for 
reception of a traffic channel from the mobile to 
which access has been granted. As described 
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above, it is necessary to estimate the correct level 
of gain to be applied to a traffic channel and to 
hold this level constant throughout the time slot so 
that the equalising and decoding section 26 can 
operate satisfactorily. In the present embodiment, 5 
the base station system provides a suitable control 
signal on line 40 to modify the clock rate so that 
during a traffic channel time slot, accumulator 4 is 
operative to store 8 words representing 8 samples 
of ADC 3 spaced evenly over the entire time slot, w 
i.e. each sample is spaced 148/8 bit periods away 
from adjacent samples. At the end of the time slot, 
accumulator 4 provides the average value of the 8 
words on bus 30 where the average value is stored 
in memory 1 1 . Memory 1 1 is operative to store ten is 
consecutive average values on bus 30 from ten 
consecutive time slots associated with any one 
mobile of each and every traffic channel of a time 
frame, and microprocessor 12 is operative to com- 
pute a further average value from the ten previous 20 
time slot signal amplitude levels to provide a fur- 
ther average value on bus 32 to converter 5. Thus, 
during operation of the system, immediately prior 
to reception of a traffic channel time slot, micropro- 
cessor 1 2 is operative to provide an average signal 25 
amplitude level on bus 32 to converter 5 to set the 
gain level of gain control unit 6 to a value for the 
duration of the time slot which is about to occur, so 
that the input signal in the time slot is attenuated 
by gain control unit by a value based upon the 30 
average signal amplitude in ten previous time slots. 
In this way, sudden variations in amplitude of the 
RF signal produced by the receiver are held within 
the dynamic range of the mulipath equaliser 26. 
Instantaneous amplitude and phase variations of 05 
the RF signal are presented to the equaliser to 
enable this to equalise out the multipath channel 
impulse response. The .associated receiver is 
hence linear in operation for the duration of a 
timeslot. 40 

Claims 

1. A receiver for a mobile telephone system, 

characterised in the receiver having a gain 45 
control means (6) coupled to receive an input 
burst signal and being switchable in response 
to the value of a gain control signal between a 
plurality of gain values, detector means (2) for 
detecting the amplitude of said input burst 50 
signal, averaging means (4) for storing the 
value of the detected amplitude and timing 
means (28) operative in response to the detec- 
tion of said input signal for timing a sequence 
of measurements of the amplitude of the input 55 
burst signal, said averaging means (4) being 
operative to compute an average value of the 
amplitude and to provide a corresponding gain 



control signal for a subsequent time period. 

2. A receiver according to claim 1, wherein said 
input burst signal comprises an RF or IF sig- 
nal. 

3. A receiver according to claim 1 , wherein said 
gain control means (6) comprises a plurality of 
gain control amplifiers and/or attenuator net- 
works connected in cascade. 

4. A receiver according to claim 1, wherein the 
detector means (2) comprises a logarithmic 
amplifier providing an output representative of 
decibel signal strength. 

5. A receiver according to claim 4, wherein the 
output of the logarithmic amplifier (2) is coup- 
led to a flash analog to digital converter. 

6. A receiver according to any preceding claim 
wherein the averaging means (4) comprises an 
accumulator arranged to store a plurality of 
samples of the detector means and to provide 
an output representing an average value of 
said samples. 

7. A receiver according to any preceding claim 
wherein the output of the averaging means (4) 
is coupled to a converter (30) which connects 
the output to a gain control signal suitable for 
application to said gain control means (6). 

8. A receiver according to claim 7 wherein the 
converter (5) comprises a look-up table. 

9. A receiver according to any preceding claim 
wherein the detector means (2) includes a step 
detector (7) for detecting a step increase of a 
predetermined amount in input signal strength, 
representing the beginning of an input burst 
signal. 

10. A receiver according to any preceding claim 
wherein the timing means (28) is operative, in 
response to the detection of the beginning of 
an input burst signal, to time said sequence of 
measurements, the timing means (28) includ- 
ing a counter (8) for incrementing in response 
to clock signals for stepping said averaging 
means (4) to store a sequence of detected 
amplitudes of said input signal, the timing 
means (28) being coupled to the averaging 
means (4) for holding the output of the averag- 
ing means (4) for a predetermined period, 
whereupon the counter (8) and the averaging 
means (4) are reset. 
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11. A receiver according to claim 10 incorporated 
in the base station of a GSM system and 
wherein the timing means (28) is operative 
during a random access channel time slot to 
carry out a measurement sequence in eight 5 
consecutive bits of a start sequence of a ran- 
dom access burst signal. 

12. A receiver according to claim 9 incorporated in 

a GSM system and wherein the timing means w 
(28) is operative during a random access chan- 
nel to commence a measurement sequence in 
response to detection of a said step increase, 
and if during said measurement sequence a 
further said step increase is detected, said 75 
timing means (28) is operative to reset sad 
averaging means (4) and commence a fresh 
measurement sequence, thereby to resolve 
contention between mobiles contending for ac- 
cess. 20 

13. A receiver according to any preceding claim 
incorporated in a GSM system and wherein the 
timing means (28) is operative in a first mode 
during a random access channel to carry out a 25 
sequence of measurements on the start se- 
quence of a random access input signal, and is 
operative in a second mode during a traffic 
channel time slot to carry out a measurement 
sequence over the length of the time slot. 30 

14. A receiver according to claim 13 or any other 
claim, wherein said averaging means (4) in- 
cludes a memory store (11) and a processor 

(12) for computing an average value based 35 
upon a plurality of previous input signal bursts. 

15. A receiver according to claim 14 as dependant 
on claim 13 wherein said average value is 
based upon ten immediately previous time 40 
slots for the current traffic channel. 
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© A receiver for a mobile telephone system, the 
receiver having a gain control means (6) coupled to 
receive an input burst signal and being switchable in 
response to the value of a gain control signal be- 
tween a plurality of gain values, detector means (2) 
for detecting the amplitude of said input burst signal, 
averaging means (4) for storing the value of the 



detected amplitude and timing means (28) operative 
in response to the detection of said input signal for 
timing a sequence of measurements of the am- 
plitude of the input burst signal, said averaging 
means (4) being operative to compute an average 
value of the amplitude and to provide a correspond- 
ing gain control signal for a subsequent time period. 
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